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P R E F A C E 
Plasmodium, the causative agent of malaria, was discovered 
by Laveran in 1880 in the blood of a soldier . Malaria s t i l l remains 
one of the giant k i l ler of mankind despite continuous efforts to 
get rid of i t . Part icularly in tropical and subtropical regions 
of the world where the gravity of malaria problem is very much 
staggering and it is affecting not only the health of the population 
but also hampering the social and economic developments in these 
regions. 
In 1956, the World Health Organisation (WHO) introduced 
the major compaign of malaria eradication. The main strategy for 
fighting malaria was the use of insecticide DDT (Dichlorodiphenyl-
Trichloroethane) to ki l l the mosquitoes and to treat the infected 
individuals with antimalarial drugs such as chloroquine. The initial 
fascinating results of effective control were turned up in a great 
set-back due to the wide spread resurgence of malaria by the mid 
1970s. This was attr ibuted to the development of drug resistance 
of malarial parasi tes and the resistance of mosquitoes to insect icides. 
This alarming situation led the scientists and research organisations 
such as WHO for the revival of their approaches for finding better 
chemotherapeutic measures as well as immunological solution such 
as the development of an effective malaria vaccine. The development 
of malaria vaccine and better immunodiagnostic methods are the 
major objectives of the scientific working group of WHO. 
( iv) 
The work reported in this dissertation in oriented towards 
the immunological studies on schizont-infected erythrocytes of 
Plasmodium knowlesi (a simian malarial parasi te ) which is closely 
related to the Plasmodium falciparum. The studies deal with the 
purification of schizont infected erythrocytes of P. knowlesi (PK-
Sl-RBC), raising of polyvalent hyperimmune rabbit sera, quanti-
tation of parasite specific antibodies and the presence nf protective 
antibodies in the immune sera. These studies have also provided 
useful information about the protein and antigenic make-up of 
P. knowlesi SI-RBC. Thus the information obtained from the present 
studies may be regarded as baseline and may further be explored 
to identify and isolate the target protective antigens of malarial 
parasi tes . 
CHAPTER-I 
INTRODUCTION AND REVIEW OF LITERATURE 
Malaria is s t i l l one of the major public health problems 
affecting millions of people in tropical and subtropical regions 
of the world. This disease causes profound morbidity and mortality 
and thus hampers the economic progress in developing countries. 
According to the latest report (WHO, 1991), the situation of malaria 
is worsening in many areas of the world. Two billion people i . e . 
approximately two fifth of the wor ld ' s population are exposed 
to malaria throughout the world. Africa remained the most affected 
continent with 100 million new cases of malaria each year and in 
some areas, malaria accounts for 10% of infant mortality and 2b% 
deaths of children between one and four years of age. Apart from 
Africa, 95%, of the remaining 5.2 million cases are reported from 
other countries, mostly from India (39%), Brazil (11%) where this 
disease is causing 6-10 thousand deaths per year. 
Malaria is caused by a protozoan parasite of the genus 
Plasmodia. The four species of malarial parasi tes infecting human 
are Plasmodium falciparum, P. vivax, P. ovale and P. malariae. 
In addition to the human malarial parasi tes , there are many other 
species of Plasmodium which infect monkeys {£. brasilanum, 
P. coatneyi, P. cynomolgi, P. foleyi, P. fragile, P. gonderi, P. inui, 
P. knowlesi), rodents (P. yoelii , P. chabaudi, P. berghei, P^. vinckei 
and avians (£. relictum, P. cathemerium, P. gallinaceum, P. lophurae). 
The malarial parasi tes undergoes a complex multistage develop-
mental cycle, part of which takes place in the ver tebrate host 
and part in the invertebrate host (mosquito vector) . The life 
cycle of a human malarial parasite is i l lustrated in Fig. 1. The 
life cycle can be divided into three phases (i) the asymptomatic 
tissue phase within the hepatic parenchymal cells , ( i i) The clinical 
or erythrocytic phase which occurs in the RBCs of the ver tebrate 
host and causes the disease, ( i i i ) The sexual phase (sporogony) 
within the invertebrate host i . e . in the female Anopheles mosquito. 
The life cycle begins when the sporozoites are injected into the 
blood by a mosquito during the blood meal. Within the 30-60 
minutes, the sporozoites disappear from the blood circulation and 
enter the l iver parenchymal cel ls . In the l iver parenchymal cells , 
the nucleus of the sporozoite multiplies asexually (Exoerythrocytic 
schizogony) and develop into schizont, which eventually burst to 
release numerous invasive form of l iver stage merozoites (upto 
30,000 per sporozoite ). The development of the hepatic or exo-
erythrocytic (EE) phase is asymptomatic and takes place over a 
period ranging from days to months (average 2 to 4 weeks). Upon 
rupture of the l iver parenchymal cel ls , these merozoites come into 
the blood stream to invade the red cells and this init iates the 
asexual erythrocytic stage of the parasi te which is di rect ly r e s -
ponsible for the morbidity and mortality. In RBC the merozoites 
differentiate into the ring, trophozoite and the multinucleate e ry-
throcytic schizont stage. Ultimately the mature schizonts burst, 
l iberating new generation of merozoites which can again invade 
the intact RBC and can repeat this asexual erythrocytic phase of 
the life cycle. In the course of erythrocyt ic phase of the life 
cycle, some of the merozoites after invading the RBC, due to some 
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unknown factors, became differentiated into gametocytes i . e . the 
sexual stages of the parasi te . These gametocytes are taken with 
the blood meal to the midgut of the mosquito to init iate the sexual 
phase of the malaria parasi te . In the midgut of the mosquito, 
the gametocytes undergo gametogenesis and differentiate into male 
(micro) and female (macro) gametes. They undergo fertilization 
and the resulting zygote elongates to form a motile ookinete. These 
ookinetes penetrate the intestinal epithelium, cross the midgut wall 
and differentiate into the oocysts. The oocysts grow and eventually 
by nuclear division produce several thousands of sporozoites within 
each oocyst. The sporozoites are ultimately emerge from the oocyst 
into the haemocoel and finally reach into the lumen of the salivary 
glands, where they can reside for indefinite period until inoculated 
into another vertebrate host during the next bite of the mosquito. 
In case of P. vivax and I', ovale infections, a proportion of the 
sporozoite transform into dormant hypnozoite stage which is r e s -
ponsible for producing relapses (Krotoski et^ ^ . , 1982, Bray et_ 
^ . , 1985). 
The illness and the pathology of the malaria is caused only 
by the erythrocytic phase of the paras i tes . The clinical symptoms 
is marked by the periodic fever with feeling of chill and shivering 
accompanied by headache, muscular pain and gastrointestinal upsets . 
The fever is associated with the bursting of the schizont infected 
erythrocytes accompanied by high temperature and profused sweating. 
The intense destruction of the RBC's may cause anaemia, anoxia 
and haemoglobinuria. Some other pathological symptoms are enlarge-
ment of spleen and l iver . In severe P^. falciparum malaria, the 
capalleries get blocked due to sequestration of the infected e ry th ro-
cytes and thus preventing the normal flow of the blood and causing 
haemorrhage and anaemia. 
The world wide resurgence of malaria was at tr ibuted to 
the development of drug resistance of malaria parasi tes and the 
insecticide resistance of mosquitoes (White, 1982, Stahel et^ a l . , 
1982, Peters, 1982, 1984). This situation has created new interests 
not only for developing better chemotherapeutic measure but also 
for the basic research towards a better understanding of the host 
immune response and the parasite antigens with the ultimate aim 
of finding an immunologic solution to the disease (Perrin et^ a l . , 
1984; WHO, 1984; Petersen e^ ^ . , 1990). The development of malaria 
vaccine as well as better immunodiagnostic methods are the highest 
pr ior i t ies areas among the objectives set up by WHO. Therefore 
research in this direction will be of special relevance for tropical 
regions of the world part icular l ly in India. Accordingly a survey 
of l i terature was done on immunological aspects of malaria with 
special reference to studies related to vaccine development against 
the asexual blood stages of malarial parasi tes . 
REVIEW OF LITERATURE 
ISOLATION AND PURIFICATION OF ERYTHROCYTIC STAGES OF MALARIAL 
PARASITES 
The asexual blood stages of malarial parasi tes can be obtained 
ei ther direct ly from infected man or animal or from jji v i t ro culture. 
The authenticity of the data on the immunochemical and biochemical 
and other studies depends on the purity and better quality of the 
isolated parasi tes as the presence of various unwanted blood compo-
nents may complicate the study (Howard e^ a]_., 1978). It has been 
reported that during the malaria infection, the quantity of the leuco-
cytes in the blood circulation generally increases above the normal 
value (Homewood and Neame, 1976). During the removal of buffy 
coat and plasma, a population of platelets and leucocytes (White cells) 
were also reduced (Zuckerman et^ ^ . , 1967; Beutler, 1971). The 
platelets can further be removed by the passage of the blood through 
the column of glass beads (Grant and Fulton, 1957, O'Brien and 
Heywood, 1967; Schiebel and Miller, 1969; Johnson et^ al_., 1980). 
Among the different methods employed for the elimination of leuco-
cytes, separation on Whatman CF-11 cellulose column has been found 
most suitable because of i ts efficiency and simplicity (Fitch, 1969; 
Richards and Williams, 1973; Homewood and Neame, 1976;Howard 
et^ al., 1978; Waki and Suzuki, 1986). Almost all of the leucocytes 
were removed from infected blood using CF-11 cellulose column and 
the intraerythrocytic parasi tes were found morphologically unaltered, 
metabolically active and infective (Williams and Richards, 1973). 
Leucocytes were also removed by passing the blood through column 
of sulphoethyl cellulose (Nakao ^ £]_., 1973; Howard JB1[ aJ^., 1978). 
Most of the methods used for the separation of parasit ized 
erythrocytes from the non-parasitized erythrocytes are based on 
differences in their density. The density of the parasit ized cells 
is lower than the normal cells (Bass and Johns, 1915; Ferrebee 
and Geiman, 1946; Williamson and Cover, 1966; Miller and Chien, 
1971). Eaton (1938) has separated the P.knowlesi infected rhesus 
erythrocytes by allowing the infected blood to set t le down slowly. 
Density gradient centrifugation was also used by different workers 
for the separation of parasitized and non-parasitized erythrocytes . 
Different gradient materials used were human albumin (Ferrebee and 
Geiman, 1946), sucrose (Williamson and Cover, 1966), bovine albumin 
(Rowley a1^  ad., 1967; Eisen, 1977; Siddiqui ^ ^ . , 1978a, c) , phtha-
late (Miller and Chien, 1971), ficoll (Lun and Powers, 1976; Eling, 
1977; Mromn £t_ ^ . , 1979), strfif:lil;ni IJ (McAJistor onrl (ifirdnn, 1976), 
plasmagel (Jensen, 1978; Pasvol et^ a]_., 1978), physiogel (Reese 
et ^ . , 1 9 7 9 ) . Metrizamide, a trisodium benzamido der ivat ives of 
glucose (Engui and Allison, 1979) and percoll (Pertoft et a l . , 1978). 
Various physical and mechanical procedures have been applied 
by different workers for releasing the Plasmodia from the infected 
erythrocytes . Some of the earl iest investigators have employed 
the hypotonic lysis of infected erythrocytes for the preparation 
of Plasmodium antigen for serodiagnostic purposes (Coggeshall and 
Eaton, 1938; Dulaney and Stratman-thomas, 1940; Mayer and Heidelberger, 
1946; Stein and Desowitz, 1964; Chavin, 1966). French pressure 
cell technique and ultrasound were also used by some workers to 
release the parasi tes from the host cells (D'Antonio et^ a]_., 1966; 
Rutledge and Ward, 1967; Kilby and Silvermann, 1969; D.Antonio, 
1972a; Prior and Kreir, 1972a, b, 1977; Green and Kreier, 1978). 
Wallach and Conley (1977) used the nitrogen cavitation technique 
for the release of Plasmodia from the infected erythrocytes . Chemical 
methods such as treatment with saponin has also been employed 
for releasing the malarial parasi tes from the infected erythrocytes 
(Christophers and Fulton, 1938; Spira and Zuckerman, 1962; Zuckerman 
et a l . , 1967). Contaminated erythrocyte membrane from the saponin 
lysed parasi tes was removed by using the step gradient of BSA (Eisen, 
1977) and sucrose (Siddiqui a^ ^ . , 1978c). The technique of saponin 
lysis was also used successfully by other workers with slight modi-
fication in incubation time, temperature and amount of saponin 
(Jarusalem, 1969; Van Dyke et^ a]_. , 1977; Kan and Siddiqui, 1981). 
Plasmodia may also be released by treating the infected e ry thro-
cytes with ammonium chloride (Martin et^ a]_., 1971; Prior ei_ a l . , 
1973) and by immune lys is (Trager, 1954; Bowman et^ a}_., 1960; 
Langer et^ £l_., 1967; Trager, 1971; Kilejian, 1974; Trig et^ a l . , 
1975; McDonald ^ ^ . , 1981). 
IMMUNIZATION AGAINST ASEXUAL BLOOD STAGES OF MALARIAL PARASITES 
The erythrocytic stages of malarial parasi tes derived from 
the simian, avian, rodent and human malaria have been shown to 
induce protective immunity by immunization of appropriate hosts. 
The production of malarial antibodies in rhesus monkeys (Macaca 
mulatta) against P. knowlesi was demonstrated but these antibodies 
were not protective in nature (Eaton and Coggeshall, 1939; Short 
and Monon, 1940; Ray ^ ^ . , 1941). Later on the protective immunity 
against P. knowlesi was demonstrated for the first time by immuni-
zation of monkeys subcutaneously with formalin treated P. knowlesi 
schizont infected erythrocytes emulsified with paraffin oil containing 
killed tubercle bacilli as an adjuvant (Freunds at^  ^ . , 1945b, 1948). 
This finding was also confirmed by other workers (Targett and Fulton, 
1965; Brown at aj_. , 1968). It was also shown that the better pro-
tection was afforded by intramuscular ra ther than subcutaneously 
rout of immunization (Targett and Futton, 1965). In subsequent studies, 
effective-protective immunity against P^. knowlesi has been demonstrated 
when the rhesus monkeys were immunized with killed parasitized 
erythrocytes (Brown ^ a l . , 1970a) or with a par t ia l ly purified fract-
ion (D'Antonio et^  al_., 1971) emulsified in FCA. Simpson et^ a]_. 
(1974) have immunized rhesus monkeys with various non-viable sucrose 
density gradient fractions of P. knowlesi and demonstrated the signi-
ficant decrease in parasltaemia and increase in survival of vaccinated 
monkeys as compared to control monkeys. The lyophilized plasmodial 
antigen has also been used successfully for vaccination (Schenkel 
et al . , 1975; Cabrera et_ a]^., 1976). The merozoite stage was found 
to be a more effective immunogen with 90 to 100% protection of rhesus 
monkeys against normally lethal challenge (Mitchell et^ £]_., 1977a; 
Richards ^ £l_., 1977). The superiori ty of merozoite antigen, however, 
could not be established in a comparative evaluation of the efficiency 
10 
of 3 nonviable blood s tage ant igens ( s c h i z o n t s , merozoi te , french 
p r e s s antigen) of P. knowlesi emulsif ied in FCA as a l l gave poor 
pro tec t ion of r h e s u s monkeys against P. knowlesi (Riekmann et^ a l . , 
1979). 
The efficacy of o the r ad juvants such as BCG and Poly A: U , 
alongwith FCA has been t e s ted by Schenkal at £].. (1973). Out 
of the five monkeys immunized with Plasmodium antigen with FCA, 
t h r e e monkeys s u r v i v e d af ter chal lenge infect ion. Both BCG and 
the s y n t h e t i c po lynuc leo t ide poly A:U were found inef fec t ive . When 
the Plasmodium antigen emulsif ied in the mix ture of adjuvant 65 
and BCG was used , same degree of p ro tec t ion was induced as tha t 
with FCA (Schenkel et al^., 1975). Butcher et ^ . (1978) have 
demonst ra ted the complete ineff icacy of ad juvants (eg. FIA, BCG, 
65-4, Alhydrogel ) o the r than FCA in inducing immunity with the 
merozoite ant igen. In ano ther s tudy by Mitchel l et^ a\_. (1979) saponin 
was proved to be an ef fec t ive adjuvant and the muramy] d i p e p t i d e 
d e r i v a t i v e (MDF') was found p a r t i a l l y ofi 'octive wlifMi used witli 
merozoite antigen of P. knowles i . 
Immunization of cana r i e s with e r y t h r o c y t i c s tages of 
P. cathemerium (Redmond, 1939; Gingrich, 1941) and of ducks wi th 
P. l ophurae ( J acobs , 1943) has been shown to induce p r o t e c t i v e 
immunity. Successful immunization of ducks with P. l ophurae (F reunds 
et a l . , 1945a; Coffin, 1951) and with P. cathemerium (Thomas et_ 
a l . , 1947) was done using FCA. P ro t ec t i ve immunity could a lso 
11 
be induced by imminizing the ducklings with purified hist idine 
r ich protein of P. lophurae without adjuvant (Kilejian, 1978). 
The effective immunity in rodents was induced by using i r r a d i -
ated infected blood (Corradetti et^ a}^., 1966; Wellde and Sadun, 
1967) erythrocyte free parasi tes (Jerusalem and Eling, 1969; 
D'Antonio et^ ^ . , 1970) and cell free extract (Desowitz, 1967; 
Zuckerman je^ ^ . . 1967; D'Antonio, 1972b) of P. berghei. Immunization 
of rats with P. berghei antigen using saponin and FCA as adjuvants 
has demonstrated that saponin was better than FCA (Saul and Kreier, 
1977). Playfair et^ a]_. (1977) have demonstrated the effective immuni-
zation of mice with saponin lysed formalin fixed P.yoelii parasit ized 
cells mixed with Bordetella per tuss is . Protective immunity could 
also be induced in mice by immunizing against triton extracted e ry-
throcytic stages of P.yoelii mixed with saponin (Playfair and Desouza, 
1986). Immunization of mice with killed P.vinckei antigens and 
attenuated salmonella typhemurium strain has been shown to induced 
high level of protection (Kumar, 1990). 
In some of the earl iest studies human voltinteers were immun-
ized against killed blood stage antigen of P. vivax (Boyd and Kitchen, 
1943; Heidelberger et a l . , 1046a-d). Immunization of owl monkeys 
with irradiated P. falciparum infected erythrocytes failed to induce 
complete protection (Voller and Richards, 1968; Sadun e\^ a]^., 1969). 
Siddiqui (1977) for the first time reported the successful immuni-
zation of owl monkeys against P. falciparum blood stage (60-70% 
merozoites) antigen. This work of Siddiqui (1977) was independently 
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confirmed by Mitchel l et^ a l . (1977b) . P a r t i a l p ro tec t ion was o b s e r -
ved when MDP (Muramyl d i p e p t i d e d e r i v a t i v e s ) was used as adjuvant 
in p l ace of FCA (S idd iqu i e^ al_., 1978d; Reese a^ ^ . , 1978). How-
e v e r , effect ive immunization of owl monkeys was demonst ra ted against 
P. falciparum merozoite antigen using s tearoyl-MDP adjuvant wi th 
l iposomes (S idd iqu i et^ a l . , 1978c) and with s y n t h e t i c adjuvant CP-
20, 961 (S idd iqu i ^ ^ . , 1981). 
QUANTITATION OF ANTI-MALARIAL ANTIBODY 
Indirect haemagglutination assay 
The i n d i r e c t haemagglut inat ion a s s a y (IHA) has p roved to 
be a va luab le technique for measuring c i rcu la t ing an t i bod i e s deve loped 
against a v i d e v a r i e t y of ant igens (Boyden, 1951; Wright and Fe inberg , 
1952 ; F i s h e r , 1952; S t a v i t s k y , 1954a, b ; S t a v i t s k y and Arqu i l l a , 
1955, 1958; Lunde and J acobs , 1959). Desowitz and Stein (1962) 
for the f i r s t t ime employed t h i s tes t (IHA) in the field of malar ia 
for the quant i ta t ion of an t ibody t i t r e s of r a t a n t i s e r a against P. 
be rghe i antigen using tanned sheep e r y t h r o c y t e s . The re a r e v a r i o u s 
methods by which e r y t h r o c y t e s can be coated with antigen for t h e i r 
use in IHA. The i n i t i a l s t u d i e s on haemagglut inat ion reac t ion using 
fresh e r y t h r o c y t e s sens i t i zed with a v a r i e t y of ant igens by the 
d iazot iza t ion method (Pressman ^ aj_., 1942) were a lways been found 
assoc ia ted with poor s t a b i l i t y and v a r i a b l e s e n s i t i v i t y among di f ferent 
lo ts of the sens i t i zed e r y t h r o c y t e s . This i n s t a b i l i t y nf sens i t i zed 
e r y t h r o c y t e s in haemagglut inat ion reac t ion prompted the use of some 
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fixative to stabil ize the erythrocytes (Fulthorpe, 1957; Ingraham, 
1958; Crzismas, 1960; Fulthnrpe, 1961; Daniel £ l fd. . 1963). Out 
of the various stabilising agents employed (Gold and Kudenberg, 
1967; Hidata and Brandriss, 1968), the glutaraldehyde fixation of 
erythrocytes was found superior and the cells were found stable 
for at least 6 months (Bing et a l . , 1967; Neirmark, 1968). 
The use of IHA for human malaria was introduced by Stein 
and Desowitz (1964). Subsequently the simplicity of IHA led the 
several groups of workers to use IHA for immunodiagnosis and ep i -
demiological surveillance of human malaria using homologous antigens 
from P. falciparum (Mathews et_ a]_., 1975; Gupta et^  a]_. , 1979; Ray 
a^ ^ . , 1981; Dubey a^ ^ . , 1989; Marwah at al_., 1989) and P.vivax 
(Mathews et^ ^ . , 1973, 1975) as well as heterologous antigens from 
simian malaria parasi tes such as P.knowlesi ( Ganguly et^  ^ . , 1980; 
Agarwal e\^ ^ . , 1981, 1982; Chandanani et^ ^ . , 1981; Mahajan e^ 
a]_., 1981; Nath at ^ . , 1984; Saxena et_ aj^., 1988). P. brasilianum 
(Mathews at _al., 1976) and P.cynomolgi B (Mamtani a^ aj.., 1979; 
Nath et^ ^ . , 1984). Nath a^ ^ . (1984) reported the superiori ty 
of P. cynomolgi antigen over P. knowlesi antigen for the detection 
of P. vivax infection. More sensit ivi ty and specificity of the IHA 
was observed with homologous antigens as compared to the hetero-
logous antigen (Gupta et_ a]_., 1979; Molineaux and Grammicia, 1980; 
Chandanani et^ a l . , 1981; Ray et^ ai_., 1981). Antigens harvested 
from 211 vitro culture of P. falciparum have also been employed in 
IHA by several group of workers (Gupta at_ a\_., 1981; Ray et^  a l . , 
1981). 
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Enzyme linked immunosorbent assay 
The enzyme linked immunosorbent assay (ELISA), using enzymes 
conjugated with antibody or with antigen, for the quantitation of 
antigen and antibodies was init ial ly introduced by two groups of 
workers, one in Sweden (Engvall and Perlmann, 1971) and other 
in Holland (Vanweemen and Schurs, 1971) using alkaline phosphatase 
and horse radish peroxidase enzymes. Later on Voller et_ a\_. (1974, 
1975) for the first time used this technique of ELISA for detecting 
the antimalarial antibodies during P. falciparum and P. vivax infection 
using both P. falciparum SI-RBC (from infected Actus monkey) and 
P. knowlesi Sl-RBC (from infected rhesus monkey) antigens. Sub-
sequently ELISA has been extensively used by various group of 
workers for the serodiagnosis and seroepidemiological study of 
malaria employing both homologous (Voller at a],. , 1976, 1980; Francis 
e^ £]. . , 1982; Ray et_ £] . . , 1983, 1987; Hoffman ej^  al.., 1987; Nakuo 
and Deas, 1987; Webster et^ a]_., 1987; Lee and Lambros, 1988; 
Ganzalez-ceron et_ £]_., 1991) and heterologous (Mahajan et_ aj_., 1981; 
Tandon et^ ^ . , 1982; Srivastava et_ j d . , 1983; Dutta et^ a]_., 1984) 
antigens. 
Various types of solid bases for coating of antigen have 
been employed in ELISA e.g. agarose beads (Deelder and Streefkerk, 
1975; Streefkerk and Deelder, 1975), desposable polystyrene tubes 
(Engvall et £l_., 1971; Engvall and Perlmann, 1971, 1972; Voller 
et a l . , 1975) or more suitable disposable 96 well microtitre poly-
styrene plates (Voller et a l . , 1978; Mahajan et a l . , 1981; Dutta 
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et a l . , 1984; Srivastava et^ a]_., 1985) and nitrocellulose membrane 
(Petros e^ a l . , 1989). 
Enzyme marker generally used in ELISA for labelling the 
antiglobulin conjugate are alkaline phosphatase (VoUer et^  a\^., 1980; 
Mackny oj. £J_. , 1f)H2; I'ipsinal and Mornlns, 1f)H4: KiiohJonti and 
Hermentis, 1987) and horse radish peroxidase (Mahajan et_ a l . , 
1981; Tharavanij et^ ^ . , 1982; Ray et^ _al.., 1983; Demerts et^ a]_., 
1987). ELISA system using urease as an enzyme marker and urea 
as a substrate (ELISA-U) has also been reported by different 
workers (Chandler and Hurrell, 1982; Chandler et_ a]_., 1982; Lee 
and Lambros, 1988). Sato et_ a\_. (1990) have reported a more 
sensitive easily v is ib le avidin biotin peroxidase complex enzyme 
linked immunosorbent assay (ABC-ELISA) for the diagnosis of malaria 
in the field study. 
The use of specific peptides has also been reported as antigen 
in ELISA for the detection of malaria antibodies by different group 
of workers (Del Giudice a^ ^ , , 1987; Hoffman a^ ^ , , 1987; Webster 
et^  al., 1987; Collins et^  ^ . , 1988, 1991; Deloron et^ _al_., 1989; 
Deloron and Cot, 1990; Esposito et^ a]^., 1990; Chumpitazi et^ a l . , 
1991). Londner et^ ^ , (1987) reported a new technique of DOT-
ELISA based on the same principle of ELISA for the rapid detection 
of malaria antibodies and could be able to detect the malaria anti-
bodies upto a dilution of 1/64,000 in patient sera. 
ELISA has been employed for the detection of sporozoite 
in infected mosquito using species specific monoclonal antibodies 
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(Zavala et^ a l . , 1982; Collins et a^., 1988; Verhave e^ ^1^. , 1988; 
Boudin e^ a]_. , 1991). Wang et^ £l^. (1987) have used ELISA for 
the diagnosis of tertian malaria based on detecting P. vivax antigen 
in sonicated blood samples. ELISA has also been used for the 
detection of circulating antigens in the sera of mice infected with 
P.berghei (Khullar and Sehgal, 1989). Dubarry et a l . (1990) have 
described a sandwitch enzyme immunoassay for the detection of 
malaria antigens in human plasma by employing monoclonal antibodies 
against P.falciparum. 
IH VITRO CULTIVATION OF ERYTHROCYTIC STAGES OF MALARIAL PARA-
SITES 
In vitro cultivation of malarial parasi tes has been found 
to be the best approach to get the large quantities of antigen for 
studies on the development of malaria vaccine. Several attempts 
has been made by various workers for establishing the short term 
as well as continuous Jji vi t ro cultivation of Plasmodium. The first 
report on Jjn vi t ro cultivation of malarial parasi tes (P. falciparum 
and P. vivax) was that of Bass and Jones (1912). They supplemented 
the whole difibrinated patient blood having malaria with glucose 
and observed not only the maturation of ring form to schizonts 
but also the invasion of new erythrocytes by merozoites. During 
the subsequent years , variety of methods were tried by different 
workers and Trager (1941) has reported successful J.n vi t ro culture 
of P. lophurae upto 16 days. Somewhat comparable results of those 
of Trager (1941) were obtained with in vi t ro culture of P. circumflexum 
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(Coulston, 1941) and with P. gallinaceum (Hawking, 1945). Geiman 
et al . (1946) have described two different techniques of rocker-
dilution and rocker perfusion for the ^il vi t ro cultivation of P. knowlesi 
and obtained about 4 fold multiplication. Butcher and Cohen (1971) 
have modified the culture method developed by Gieman and Co-workers 
and obtained 6 fold multiplication of P. knowlesi. Subsequently 
many attempts were made by several workers to obtain continuous 
cultivation of blood stages of malarial parasi tes and this could 
finally be achieved by two groups working independently with 
P. falciparum namely Trager and Jensen (1976) and Haynes et^ ^ . 
(1976). Trager and Jensen (1976) employed candle jar method using 
RPMI-1640 medium while Haynes et^ a^. (1976) used medium -199 
and a gas mixture of 3% Co , 6.6% 0 , 90.4% N . Later on several 
O ^ ^ 
workers have successfully done the jri vi tro cultivation of P. falciparum 
in culture flasks or petri dishes using RPMI-1640 and the gas 
mixture or candle jar (Jensen and Trager, 1978; Trager and Jensen, 
1978; Brackett et^  ad., 1979; Butcher, 1979, 1981a, b; Chin, 1979; 
Jensen et^ a]_., 1979; Richards and Maples, 1979; Scheibel et^ a l . , 
1979; Trager, 1979; Ifediba and Vanderberg, 1980; Kaushal e^ ^ . , 
1980; Sax and Rieckmann, 1980; Trager and Jensen, 1980; Osisanya 
et^ £1.., 1981; Trager, 1982; Zolg et^ aj.., 1982; Fairlamb et^ a^., 
1985; Misra £t £]^., 1989; Rubik at ^ . , 1989; Sodeinde and Williams, 
1990; Trager at ^ . , 1990). 
In vitro cultivation of various species of malarial parasi tes 
such as P. knowlesi (Butcher, 1979; Wickham et al. , 1980; Zhengren 
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et a l . , 1980). P.cynomolgi (Nguyen-Dinh et_ al_., 1981; Zhaoxi et^ 
aJ.., 1984), P. fragile (Chin et^ ^ . , 1979), P. inui (Nguyen-Dinh 
et ^ . , 1980) and P. berghei (Guru and Sen, 1980; Mons e\_ a l . , 
1983) was done using the basic method of Trager and Jensen (1976). 
Some of the Indian isolate of P. falciparum have also been established 
in Jji vitro culture (Chowdhuri et_ a]^., 1979; Gajanana et^ a]^., 1982; 
Gupta ^ ^ . , 1983; Sivaraman a^ a l . , 1983; Kaushal, 1988). Chowdhuri 
et a l . (1979) have reported the mixed culture of P. falciparum and 
P. malariae. Although no significant success was obtained for in 
vitro cultivation of P.vivax (Siddiqui, 1979) but Larrouy et_ ^ . 
(1981) reported the culture of P.vivax for 43 days by using essent i-
ally the similar method of Trager and Jensen (1976) except for 
a higher glucose level and change of medium thrice daily ra ther 
than once. Subsequently several other workers have also attempted 
to adapt the P. falciparum culture system to P.vivax but with l i t t le 
success (Chowdhury at^  ^ . , 1982; Renapurkar ^ aj^., 1983; Brockelman 
^ £ ] . . , 1984, 1985; Mons £t^  aj.. , 1987, 1988). 
Due to the difficulty in getting the human serum and presence 
of inhibitory factors, as in the holoendemic areas, attempts were 
also made to replace human serum with animal serum e.g. lamb 
or pig serum (Butcher, 1979; Raichowdhury and Sivaraman, 1982), 
heat inactivated horse, calf or rabbit serum (Siddiqui and Richmond, 
1977;Jensen, 1979; Ifediba and Vanderberg, 1980; Sax and Rieckmann, 
1980; Siddiqui, 1981; Divo et a l . , 1985; Ramos at ail.., 1986; Grun 
and Weidranz, 1987). In vi t ro cultivation of P. falciparum has also 
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been reported in serum free RPMI-1640 medium supplemented with 
adenosine, fatty acid and free BSA and oleic or cis-vaccinia acid 
(Willet and Canfield, 1984). 
The 211 vitro culture system has been used successfully for 
studying the effect of immune sera on growth of the malarial parasi tes 
(Cohen ^ ^ , , 1961, 1969; Miller, 1975; Brown ^ aj_., 1981; Chulay 
£^ al.., 1981a, b; Perrin £^ ^ . , 1981; Campbell ^ ail.., 1986; Trager, 
1987; Perlaza ^ £1^., 1990; Barr e^ £]^., 1991; Berzins e^ £]. . , 1991). 
The monoclonal antibodies against the blood stage antigens of P. 
knowlesi (Epstein et^ a l . , 1981; Deans e\^ a\_., 1982; Miller et_ a l . , 
1984; Deans e\_ ^ . , 1988), P.yoelii (Freeman e\_ a]^., 1980) and 
P. falciparum (Perrin et a l . , 1981; Holder and Freeman, 1982; Perlmann 
et_ jil.., 1984; Saul at aj.., 1984; Wahlin et^ a]^., 1984; Berzins at 
£]. . , 1986; Collins e^ ^ . , 1986; Schmidt-ullrich et^ ^ . , 1986; 
Schofield et_ a]^., 1986; Epping et^ a]^., 1988; Ramaswamy et_ a l . , 
1988, 1990) have been demonstrated to inhibit the growth and in-
vasion of parasi tes in jri vi tro culture system. 
PROTEIN AND ANTIGENIC CHARACTERIZATION OF MALARIAL PARASITES 
Malaria parasi tes are having a complex mixture of potentially 
antigenic components. It has been shown that these parasi tes 
possess both common or cross reactive and stage and strain speci-
fic antigen (Wilson et a l . , 1975; Deans at aj.., 1978; Kilejian, 1980; 
Miller et^ a]^., 1980; Brown et_ ad., 1982). The identification and 
characterization of these antigenic components of malarial parasi tes 
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will ultimately prove more meaningful for developing effective anti-
malarial vaccine and specific immunnodiagnostic test . A var ie ty 
of approaches have been employed by various group of workers 
for the identification and characterization of protective malarial 
antigens which include soluble heat stable antigens, erythrocyt ic 
surface antigens, merozoite surface antigens, ring infected erythrocyte 
surface antigen (RESA), rhoptry components and a number of other 
antigenic components. 
In some of the earl iest attempts in this direction, the p re -
sence of both species specific and common antigen between the two 
rodent malarial parasi tes P. vinckei and ^ berghei has been demons-
trated (Spira and Zuckerman, 1962; Zuckerman, 1964; Zuckerman 
and Spira, 1965) by means of Immunoelectrophoresis. Sub-
sequently by employing the techniques of immunnoelectrophoresis, 
gel diffusion method, SDS-polyacrylamide gel electrophoresis , auto-
radiography and fluorography, the protein and antigen analysis 
of variety of Plasmodia has been reported such as P^. lophurae 
(Sherman, 1964); P.berghei (Banki and Bucci, 1964a,b; Diggs, 1966; 
Guberman and Zuckerman, 1966; Zuckerman £^ ^ . , 1969; Seitz, 1972); 
P^. cynomolgi (Banki and Bucci, 1964b); P. knowlesi (Brown et al., 
1970b) P. falciparum (McGregor et^ aj^. , 1966; Turner and McGregor, 
1969a, b; Wilson et a l . . 1969; Wilson, 1970; Wilson et a l . , 1975a, b, 
1976). 
Sherman (1964) has reported the antigenic analysis of avian 
malaria parasite P. lophurae and demonstrated the presence of haemo-
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globin as one of the major antigenic component. Zuckerman (1939) 
has studied the kinetics of the production of precipit in lines in 
immunodiffusion following the inoculation of the rats with P. berghei 
and reported that precif)itin antibody was antiplasmodial and species 
specific and no antierythrocytic precipi t in antibody was found. 
Diggs (1966) has demonstrated at least five antigenic components 
in P. berghei by immunodiffusion using hyperimmune rabbi t sera 
and has shown the presence of antibody against antigens of host 
origin, such as hemoglobin and other serum components. Brown et^ 
al. (1970) have employed the gel diffusion techniques for the anti-
genic analysis of P.knowlesi and reported the appearance of three 
precipit in lines with sera from rhesus monkeys with chronic infect-
ions and four precipit in lines with sera from monkeys immunized 
with P. knowlesi schizonts ext racts . Immunodiffusion technique was 
also employed to analyse the sera collected from individuals exposed 
to P. falciparum in Gambia (McGregor, 1966). Turner and McGregor 
(1969a, b) have reported two kinds of antigen in the extracts of 
P. falciparum infected plalcental blood by immunodiffusion: oC-antigens 
with mol. wt. 300-900 kD and |i -antigens with a mol. wt. of 50-
60 kD. Wilson et a l . (1969, 1973) have reported the thermostabili ty 
of various P. falciparum antigen and typified them into heat labile 
'L ' (with subclass La , La 2, Lb), heat resistant 'R' (with sub-
1 2 
class, R , R ) and heat stable ' S ' groups of antigen. Subsequently 
these L, R and S type antigens have been reported to be present 
in infected human placental blood as well as in peripheral blood 
from Actus monkeys infected with P. falciparum (Wilson and Voller, 
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1970, 1972). Wilson (1970) has carried out detailed studies on 
' S ' , 'L ' and 'R' classes of P. falciparum antigen and demonstrated 
the large degree of commonness between the antigens of malarial 
parasi tes from the wicJnly separated area, the Gaml)ia anci Nigeria. 
Smith eX_ ^ . (1969) have identified and characterized a soluble 
antigen in the sera of chickens infected with P. gallinaceum by employ-
ing double diffusion, immune and disc-electrophoret ic techniques. 
The immunoelectrophoretic techniques have also been employed to 
demonstrate the presence of malarial antigen in the sera of P. berghei 
infected mice (Seitz, 1972) and of ' S ' antigens in the sera of 
P. falciparum infected individuals (Wilson et^ a]^., 1975a, b, 1976). 
Spira et al. (1966) have employed the disc gel electrophoretic 
method and demonstrated the difference in the protein patterns 
of different species of Plasmodia such as rodents (P. berghei, £ . 
vinckei) , chicken (P. gallinaceum) and monkeys (P. knowlesi, _P. 
cynomolgi B). A soluble antigen in the sera of chickens infected 
with P. gallinaceum has been identified and characterized by employ-
ing double diffusion, immunoelectrophoretic and disc gel electro-
phoretic techniques (Smith ^ ^ . , 1969). In other studies a sl ightly 
more sensitive technique of counter current Immunoelectrophoresis 
was used for antigenic analysis of P. falciparum (Bidwell et_ a l . , 
1973) and P. berghei and P. vinckei (Steitz, 1975). 
The technique of cross immunoelectrophoresis (CIE) has been 
used for the characterization of human erythrocyte membrane proteins 
(Bjerrum and B0G-Hansen, 1976). Subsequently this technique of 
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CIE and SDS-FAGE have been employed by several group of workers 
for the protein and antigenic analysis of erythrocyt ic stages of 
simian (Butcher et^ al_., 1978; Deans et^ a]_., 1978; Schmidt-ulllrich 
and Wallach, 1978; Deans and Cohen, 1979; Schmidt-Ullrich ^ ^ . , 
1979; Miller a ^ a l . , 1980; Epstein ^ _al., 1981; Anders, 1985; Singh 
et a l . , 1986) and rodent malarial parasi tes (Brogren and Weidanz, 
1979; Carlsson a^ ^ . , 1984; Panton et^ a]_. , 1984a, b ) . Out of the 
seven parasite specific antigens identified in the membrane of para-
sitized erythrocytes by employing cross Immunoelectrophoresis (t;iK) 
and crnsK line immunonloctrnphoroKis (CLIE) using monkey aiiti-
P. knowlesi schizonts serum, only three could be detected in purified 
schizonts (Schmidt-Ullrich and Wallach, 1978). The antigenic com-
position of different erythrocyt ic stages of P. knowlesi has been 
compared by CIE using a pool of immune rhesus monkey antiserum 
and the presence of nine common (stage independent) and two stage 
dependent antigen, out of the eleven major parasi te antigens have 
been demonstrated (Deans £t al_., 1978; Deans and Cohen, 1979). 
Schmidt-Ullrich (1979) has immunochemically analysed the two strain 
of P. knowlesi using IgG fractions of hyperimmune monkey serum 
against purified schizonts and sera from naturally immune monkeys 
and found that two out of the 20 antigenic components in the triton 
X-100 solubilized schizonts infected erythrocytes of P. knowlesi 
were present in the membrane of the infected erythrocytes . In 
a comparative study of erythrocyt ic stages of antigens of two rodent 
malaria parasi tes P.yoelii and P.chabaudi by CIE, Carlsson et a l . 
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(1984) have reported the presence of both common as well as species 
specific antigens. Miller e\^ a]^. (1980) have employed IFA and 
SDS-PAGE and reported the cross react ivi ty between surface anti-
gens of P. knowlesi rnerozoites and P. falciparum schizonts infected 
nrythrorytoR. 
25 
SCOPE AND PLAN OF WORK 
The wide spread resurgence of malaria i s mainly due to 
the failure of conventional methods of control i . e . the resistance 
of parasi tes to antimalarial drugs and of mosquitoes to insect icides. 
This has created renewed interest among the researchers towards 
finding an immunological solution for eradicating the disease. During 
the recent years, there has been considerable efforts for developing 
effective malaria vaccine against different stages of malaria para-
si tes (viz. sporozoites, gametes and asexual s tages) . As the mor-
bidity, clinical symptoms and the mortality during malaria is mainly 
caused by the asexual blood stages of the parasi tes , therefore, 
the development of vaccine against these stages is the main pr ior i ty 
of malaria research. The slow progress of malaria vaccine develop-
ment may be attributed to the complex life cycle of the parasi tes 
and the lack of appropriate animal model for human malaria. 
The present study is undertaken on Plasmodium knowlesi, 
a simian malaria parasi te which is closely related tn P. falciparum 
and deals with the following aspects: 
I. Purification and protective potential of P. knowlesi schizont 
infected erythrocytes: 
(a) Isolation and purification of P.knowlesi schizont infected 
erythrocytes . 
(b) Immunization of rabbi t s and quantitation of parasi te speci-
fic antibodies. 
(c) Evaluation of immune rabbit sera in J^ ^ i t ro culture for 
protective antibodies. 
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II. Protein and antigens analysis of P.knowlesl schlzont Infected 
erythrocytes: 
(a) Protein pattern of P.knowlesl schizont infected e ry th ro -
cytes, 
(b) Antigenic analysis of P.knowlesl schizont infected e ry th ro-
cytes. 
CHAPTER II 
MATERIAL AND METHODS 
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PARASITES 
Plasmodium knowlesi 
A Malaysian H s t r a i n of Plasmodium knowlesi (Chin et^ a\_. 
1965), obta ined from Dr. Louis H. Miller (Malar ia Section, Labora to ry 
of P a r a s i t i c Diseases , NTH, Be thesda , MD, USA) was used in the 
present s t u d y . 
EXPERIMENTAL ANIMALS 
Rabbits 
Albino r a b b i t s of e i t h e r sex , weighing 1.5 to 2 .0 kg, obta ined 
from the inbred colony of Central Drug [Research I n s t i t u t e ' s (Lucknow, 
India) animal house, were employed. 
Monkeys 
Rhesus monkeys (Macaca mulatta) of e i t h e r sex , weighing 
3-6 kg, were obtained from the animal house of Central Drug Research 
Ins t i tu te , Lucknow, India . 
All the animals were kept in s e p a r a t e cages , fed on balanced 
die t and housed In an a i r condit ioned rooms. 
CHEMICALS USED 
Acrylamide , agarose , ammonium pe r su l f a t e , b i s a c r y l a m i d e , 
bovine serum albumin, bromophenol blue, Coomassie b r i l l i a n t blue 
(R-250) , e thy lened iamine t e t r a ace t i c acid (EDTA), g l u t a r a l d e h y d e , 
0 -phenan th ro I ine , p - ch lo romercu r i c benzoate (pCMB), pe rcoU, p h e n y l -
methylsul fonyl f lu r ide (PMSF), p r o t e i n - A - p e r o x i d a s e , p - t o s y l - L - l y c i n e 
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chloromethyl ketone (TLCK), saponin and L-l-tosylamide-2-phenyl 
ethyl chloromethyl ketone (TPCK) were procured from Sigma Chemical 
Company, St. Louis, MO, USA. CF-11 cellulose powder was procured 
from Whatman, USA. Freund's complete and incomplete adjuvants 
were obtained from Difco Detroit, MI, USA. The powdered RPMI-
1640 medium was procured from Gibco Laboratories, NY, USA. All 
other chemicals used were of analytical grade. Triple dis t i l led 
water was used in all the experiments. 
MAINTENANCE OF PLASMODIUM KNOWLESI INFECTION 
Plasmodium knowlesi infection was maintained in normal rhesus 
monkeys (Macaca mulatta) of ei ther sex (weighing 3-6 kg) by giving 
standard inoculum of 1x10 infected erythrocytes (drawn from an 
infected donor monkey) intravenously. The parasitaemia was monitored 
daily by examining the Giemsa stained thin blood smears (at least 
two thousands cells were counted before recording any final obser-
vation) of infected monkey under the light microscope. 
PURIFICATION OF PLASMODIUM KNOWLESI SCHIZONT INFECTED ERY-
THROCYTES 
Parasitized blood (30-40 ml) from P. knowlesi infected monkey 
(at 20-30% parasitaemia, mainly schizonts) was collected in prechilled 
acid ci t rate dextrose (ACD, 8-10 ml). After that the infected monkeys 
were cured by administering chloroquine hydrochloride at a dose 
of 20 mg/kg body weight on the first day followed by 10 mg/kg 
body weight on the two successive days. The parasitized blood 
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was washed twice with phosphate buffered saline (PBS, pH 7.2) 
by centrifugation (800xg, 10 min) in order to remove plasma and 
buffy coat. The washed blood cells were suspended to their original 
volume in PBS (pH 7.2) to which 1 ug/ml of adenosine diphosphate 
was added and mixed for 1-2 min. 
The platelets and leucocytes were removed by passing the 
washed blood through the column of glass beads and CF-11 cellulose 
powder according to Scheibel and Miller (1969). Briefly, to obtain 
a platelet free preparation, f i rs t ly, the glass beads (0.012 to 0.11 
mm; Scientific products) were washed by immersion in concentrated 
sulfuric acid, rinsed extensively with water until free of acid and 
dried at 85°C. The dried beads (1.5 g per ml blood) were packed 
into a glass column supported by a plug of glass wool and the washed 
parasitized blood was passed through this column. To remove the 
leucocytes, the eluate collected from the column of glass beads was 
immediately passed through a column of dry cellulose CK-11 powder 
(1 gm of cellulose per 10 ml of blood). All these operations were 
performed at 4-8°C. The blood (free from platelets and leucocytes) 
obtained from the cellulose column was washed with PBS (pH 7.2) 
by centrifugation (SOOxg for 10 min). 
The purification of P. knowlesi schizont infected erythrocytes 
(SI-RBC) was achieved by employing one step percoll gradient. 
Different concentration of percoll (40-70^) were tried for finding 
the optimum gradient of percoll (Isotonic percoll was prepared by 
adding nine volumes of percoll to one volume of lOX PBS, pH 7.4, 
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and the desired concentrations of percoll i . e . 40 to 70% were made 
by diluting the isotonic percoll preparation with PBS). The washed 
infected blood (free from platelets and leucocytes) was diluted to 
approximately 40% haematocrit in FHS and 15 ml of this suspension 
was layered over 15 ml of different percoll gradients in 50 ml cent-
rifuge tubes. The loaded tubes were then centrifuged (800xg, 20 
min) at room temperature (25-30°C). A dark brown band at the 
interface containing SI-RBC was collected and washed twice with 
PBS (pH 7.2) in order to remove the percoll . Giemsa stained thin 
blood smears of these preparations were examined under the light 
microscope. The optimum concentration of percoll (on which the 
best separation of Sl-RBC is achieved) was employed in further 
experiments. 
PREPARATION OF P.KNOWLESI SAPONIN LYSED SCHIZONTS 
For the preparation of P. knowlesi saponin lysed schizonts 
(Pk-SLS), the purified schizont-infected erythrocytes (SI-RBCs) 
were lysed with saponin following the procedure of Zuckerman et^ 
a]^. (1967). Briefly, the purified Sl-RBCs were lysed with twice 
the volume of 0.15 saponin by keeping for 1 hr on ice with occasional 
s t i r r ing. The lysate was then centrifuged in cold (4°C) at lO.OOOxg 
for 10 min. The pallet containing the parasi tes (saponin lysed 
schizonts) was washed with PBS (pH 7.2) in order to remove saponin 
and hemoglobin. Giemsa stained smears of this preparation were 
made and observed under the light microscope. 
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PREPARATION OF RHESUS RED BLOOD CELL GHOSTS 
Rhesus RBC ghost were p r e p a r e d according to the method 
of Fai rbank je^ £l^. (1971), which i s based on the p r i n c i p l e of h y p o -
tonic l y s i s as defined by Dodge et_ a]_. (1963) . Br ie f ly , t he normal 
r h e s u s monkey blood was co l lec ted in acid c i t r a t e d e x t r o s e (ACD). 
The plasma and huffy coat were removed and the ce l l s were washed 
t h r i c e with PBS (pH 7.2) by centr i fugat ion (800xg, 10 min) and 
f inal ly suspended in the equal volume of PBS (pH 7 . 2 ) . The hemo-
l y s i s was performed by p ipe t t ing 3 ml a l i quo t s of RBC suspens ion 
into 42 ml of 5 mM phospha t e buffer (pH 8.0) and mixing the contents 
by gentle swir l ing for 10 min in cold . The contents were then 
centrifuged at 32,000xg for 40 min in r e f r i ge r a t ed cent r i fuge . The 
pe l le t containing the RBC ghos ts was hemolysed again and washed 
t h r e e t imes with p h o s p h a t e buffer (5 mM, pH 8.0) by centr i fugat ion. 
The RBC ghost p r e p a r a t i o n was kept frozen at -70°C unt i l used . 
All t h e opera t ions were performed in cold (4°C) . 
ANTIGEN EXTRACTION 
The pur i f ied P. knowlesi SI-RBC, P. knowlesi SLS or normal 
RBC ghost were e x t r a c t e d as d e s c r i b e d by Kaushal et_ a]_. (1983) . 
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Br ie f ly , 1x10 S l -RBC/pa ras i t e s ghos t s from 1x10 normal r h e s u s 
RBC were e x t r a c t e d in 1 ml of ex t r ac t i on buffer (containing 1% Tri ton-
X-100 and a cock ta i l of p ro t ea se i n h i b i t o r s : 1 mM p - c h l o r o m e r c u r i c -
benzoate (pCMB), 2 mM pheny lmethy l sulfonyl f luor ide (PMSF), 0,2mM 
L - 1 - t o sy l amide -2 -pheny l e t h y l ch lo romethy l ketone (TPCK), 0.2mM 
p - t o s y l - L - l y s i n e ch lo romethy l ketone (TLCK), 10 mM e thy lened iamine 
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tetra acetic acid (EDTA) and 1 mM 0-phenanthroline) for 1 hr at 
4°C. The extracts were centrifugted at SO.OOOxg for 1 hr at 4°C. 
The supernatant obtained was used as a source of antigen and was 
kept frozen at -70°C in small aliquots until used. 
PROTEIN ESTIMATION 
The protein contents of the Triton extracted antigenic pre-
parations (P. knowlesi SI-RBC, P. knowlesi SLS and rhesus RBC ghost) 
were estimated by the method of Lowry et^ a]^. (1951) as modified 
by Deans et^ aj.. (1978). 
IMMUNIZATION OF RABBITS 
P^olyvalent hyperimmune serum against V. knowlesi SI-KBC was 
raised in albino rabbi ts of oilhor sex, weighing 1.5 to 2.0 kg. 
n 
Rabbits were immunized intramuscularly with an emulsion of 1x10 
P. knowlesi SI-RBC made in Freund's Complete Adjuvant (FCA) over 
a period of 3-4 months. One month after the first immunization, 
three booster injections were given at 15 days interval and the 
rabbi ts were bled one week after each injection from the marginal 
ear vein. Subsequently the rabbi ts were immunized and bled at 
an interval of 15 days. The blood was allowed to clot and left 
overnight at 4°C. The serum was separated by centrifugation (800xg 
for 10 min) and stored at -20°C in small aliquots until used. 
PREPARATION OF GAMMA GLOBULIN FRACTION 
The hyperimmune sera ( rabbi t anti-P. knowlesi SI-RBC) collected 
after 4th injection were pooled and used to prepare the gamma globulin 
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fraction CVG) by ammonium sulphate precipitation. Ammonium sulphate 
was added to a concentration of 45% to the- pooled serum with conti-
nuous gentle st irr ing for 4 hr {4-8°C), The precipi tate , obtained 
by centrifugation at lO.OOOxg for 30 min, was dissolved in minimum 
volume of normal saline and dialysed first against normal saline 
for 1 hr and finally against borate buffered saline (BBS, pH 8.4) 
with several changes. After complete dialysis the gamma globulin 
fractions was collected and stored at -20°C until used. 
INDIRECT HAEMAGGLUTINATION ASSAY 
Indirect haemagglutination assay (IHA) was done by following 
the method as described in WHO Bulletin (1974), using glutaraldehyde 
fixed and sensitized sheep erythrocytes (S-RBC's). 
Preparation of sheep erythrocytes (S-RBC"s) 
Fresh blood was collected from a normal healthy sheep in 
s ter i le Alsever ' s Solution, pH 6 .1 , (10 ml blood/12 ml Alsever ' s 
solution) and was stored at 4°C for 24 hr . The plasma and huffy 
coat was removed and the packed S-RBC's were washed thr ice with 
chilled PBS (pH 7.2) by centrifugation at llOOxg for 10 min (4°C). 
Preparation of stabilized S-RBC's 
The method of Bing et^ al^. (1967) was employed to prepare 
the stabilized S-RBC's. Briefly, a 3% S-RBC's suspension was made 
in 1% ice chilled glutaraldehyde (pH 8.2) and was fixed by incubating 
in ice cold water for 30 min with intermittent shaking. These fixed 
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S-RBC's were then washed five t imes with ch i l l ed FBS (pH 7.2) 
and five t imes with ch i l l ed d i s t i l e d water by centr i fugat ion at llOOxg 
for 10 min. F ina l ly a 30% suspension of fixed S-RBC's was made 
in d i s t i l l e d water and s to red in a l i quo t s of 1 ml at 4°C. 
Tanning of f ixed S-RBC's 
One ml of 30% suspension of s t a b i l i z e d S-RBC's was mixed 
with 9 ml of f r e sh ly p r e p a r e d ch i l l ed tannic acid solut ion (1 :40 ,000 ; 
w / v ) . This suspension was ag i ta ted gently in ice cold water for 
30 min and washed t h r e e t imes with PBS (pH 7.2) by centr i fugat ion 
(llOOxg for 10 min) at room t empera tu re . F ina l ly a 3% suspension 
of tanned S-RBC's was made in 0.15M PBS {pH 5 .5 ) . 
Sensitization of S-RBC's with antigen 
F i r s t of a l l the optimum sens i t i z ing concentra t ion of antigen 
(P . knowlesi S LS) was de te rmined . To one m i l l i l i t e r of 3% suspens ion 
of tanned S-RBC, different concent ra t ions of antigen (2-0.0625 ug/ 
25 ul of 1.5% cel l suspension) were a d d e d . These c e l l s were then 
kep t in water ba th at 37°C for 30 min with in te rmi t t en t shaking 
at e v e r y 5 min and then centrifuged at llOOxg for 5 min at room 
tempera tu re and subsequent ly washed t h r i c e with p r e c h i l l e d 1% normal 
r a b b i t serum (NRS) in PBS (pH 7 . 2 ) . The sens i t i zed ce l l s were 
r e suspended in 2 ml of 1% NRS which g ives the final ce l l suspension 
of 1.5%. 
The test system 
IHA was performed in 96 well ' V shaped m i c r o t i t r e p l a t e . 
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For the test the 2 fold dilutions (1:100 to 1:102400) of normal rabbi t 
serum (control) and immune rabbi t sera were made in 1% NRS (made 
in PBS, pH 7.2) and added to the microtitre plate. Then 25 ul 
of the final 1.5% suspension of sensitized S-RBC's was added in 
each well and the mixture was shaken gently for 2 min. The plate 
was incubated at room temperature for 2-3 hr and the haemagglutinat-
ion pattern was recorded. A haemagglutination pattern is considered 
to be negative when the well shows a button of sedimented cel ls . 
The end point of the test was read as the last but one dilution 
of the serum showing button formation. 
ENZYME LINKED IMMUNOSORBENT ASSAY 
Enzyme linked immunosorbent assay (ELISA) was performed 
in disposable 96 wells polystyrene plates according to Voller et_ 
al. (1974) with some modifications. Briefly, the ELISA plate was 
coated with antigen by dispensing different concentration of P. knowlesi 
SLS antigen (0.125-4 ug/100 uVwell) diluted in phosphate buffered 
saline (PBS, 0.05M, pH 7.4) and incubating the plate 18-20 hr at 
37°C. The plate was then washed three times with PBS containing 
0.05% Tween (PBS-Tween) for removing the unbound antigen. The 
blocking of the uncoated sides of the wells was done by adding 
200 ul of 1% milk protein in PBS (pH 7.4) to the wells and incubating 
the plate at 37°C for 2 hr. The plate was again washed thr ice 
with PBS-Tween. Subsequently different dilutions of sera (100 ul) 
prepared in 1% milk protein were added to the wells and the plate 
was incubated at 37°C for 2 hr . After washing the plate (3 times 
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with PBS-Tween), the 100 ul protein- A-peroxidase (1:2000 in 1% 
BSA) was added to each well and again the plate was incubated 
for one and half hour at 37°C. After further washing (3 times 
with PBS-Tween) 100 ul of substrate solution (0-phenylenediamine 
1 mg/ml dissolved in 0.05M ci t rate buffer, pH 5.2, and 1 ul/ml 
of hydrogen peroxidase was added to each well. The reaction was 
stopped by adding 5N of H„SO (50 ul) and the results were recorded 
at 492 nm in an ELISA reader. 
IN VITRO CULTURE OF P.KNOWLESI PARASITES 
The Jj2 vitro culture of P. knowlesi was done by following 
the candle jar method of Trager and Jensen (1976). The medium 
used for the culture was prepared by dissolving one packet (10.4 
gm) of RPIVII-1640 (GIBCO, USA) and 5.94 gm of HFPRS in 960 ml of 
t r ip le dis t i l led water. This solution is filtered through 0.22 um 
millipore filter for steri l ization and dispended 100 ml each into 
screw capped bottles. The s te r l i ty of the medium was tested by 
incubating an aliquot of steri l ized medium in 5.0 ml of Thioglycolate 
at 37°C for 7 days. A 5% solution of sodium bicarbonate (NaHCO„) 
was prepared in t r ip le dis t i l led water, s teri l ized separately by 
millipore filteration and 4.2 ml of this 5% NaHCO_ was added per 
100 ml of RPMI-1640 medium just before use. 
The in vi t ro culture was standardized using heat inactivated 
normal rabbit serum. For establishing the Jji vitro culture, the 
blood was drawn asceptically from the infected monkey and diluted 
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with normal monkey blood to a parasltaemia of 0.5%. The blood 
was washed twice with RPMI-1640 medium by centrifugation (800xg, 
10 min) and the RBC pellet was suspended in the same medium to 
get an Q% suspension of erythrocytes . Two mi l l i l i t e rs of this 8% 
suspension of infected erythrocytes were taken in 10 ml glass via ls 
(20 mmx50 mm) and 200 ul of heat Inactivated normal rabbi t serum 
was added to it and the vials were kept in candle jar at 37°C. 
The medium was changed daily with fresh RPMI-1640 containing 10% 
normal rabbit serum and the cells were resuspended by gentle swir-
ling and replaced in candle jar at 37°C. The parasltaemia was 
monitored daily by counting the parasi tes in Giemsa stained thin 
blood smears. These cultures could be maintained for 4-5 days 
(upto the parasltaemia of 6-8%) and then the subculture was done 
by dilution with fresh normal rhesus monkey erythrocytes . 
EFFECT OF IMMUNE RABBIT SERA ON MULTIPLICATION OF F.KNOWLESI 
PARASITES 
For testing the effect of immune rabbit serum on the multi-
plication of P.knowlesi parasi tes , the infected monkey blood was 
taken at approximately 0.5% parasltaemia (mainly ring stage) and 
in vi t ro culture was done (as described above) for 48 hr in presence 
of immune rabbit serum by changing the medium at every 24 hr . 
Culture was also done simultaneously in presence of normal rabbit 
serum (control). Giemsa stained thin blood smears were made daily 
and parasltaemia was examined under the light microscope. 
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SDS-POLYACRYLAMIDE GEL ELECTROPHORESIS 
The SDS-{X)lyacrylainide gel e l e c t r o p h o r e s i s (SDS-PAGE) of 
P. knowlesi and normal r h e s u s RBC ghost was performed accord ing 
to Laemmli (1970). Br ie f ly , the sepa ra t ing gel (5-12.5%) and the 
s tacking gel (3%) were p r e p a r e d from a s tock solut ion of a c r y l a m i d e 
(30%) and N , N ' - b i s methylene a c r y l a m i d e (0.8%). The samples were 
p r e p a r e d by mixing antigen in 1:1 r a t i o with SDS-sample buffer 
(0.12M T r i s HCl, pH 6 . 8 ; 2% g lyce ro l , 1% be tamercap toe thanol , 5%, 
SDS, 0.002% bromophenol blue) and keeping them in boil ing water 
ba th for 5 min. The e l e c t r o p h o r e s i s was c a r r i e d out at room tem-
p e r a t u r e in a buffer containing 0.025 M T r i s , 0.192 M glycine (pH 
8.3) and 0.1% SDS, at a constant cu r ren t of 15mA ( t i l l samples moved 
through t h e s tacking gel) and then at 30mA (unt i l the bromophenol 
blue dye marker r e a c h e s the bottom of t h e g e l ) . After t h e e l e c t r o -
p h o r e s i s i s completed, t he gel was s ta ined with Coomassie b r i l l i a n t 
blue (0.25% w/v , in 50% methanol p lus 10% ace t i c ac id ) and des ta ined 
with t h e solution containing 30% methanol p lus 7% ace t i c a c i d . 
IMMUNOELECTROPHORESIS 
Immunoelec t rophores is ( lEP) was performed according to Graber 
and Williams (1953). Br ie f ly , the Tr i ton e x t r a c t e d ant igens (^ . 
knowlesi SI-RBC and r h e s u s RBC ghost) were s e p a r a t e d e l e c t r o p h o r e t i -
ca l ly for 1 h r in 1.5 mm th ick l a y e r of agarose (1%, w / v , p r e p a r e d 
in 0.02M Barb i t a l buffer, pH 8.6) containing 1% Tri ton X-100. The 
s e p a r a t e d ant igens were then al lowed to r eac t with immune se ra 
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for 18-20 hr in a moist chamber. The washing of the plate was 
done thrice with isotonic saline with alternate washing and pressing 
under several sheets of fil ter paper. Subsequently, after the last 
washing with dis t i l led water, the plate was air dried and stained 
with Coomassie blue (0.25% w/v in 45% ethanol and 10% acetic acid) 
and destained with solution containing 45% ethanol and 10% acetic 
acid. 
CROSSED IMMUNOELECTROPHORESIS 
Crossed Immunoelectrophoresis (CIE) was performed as des-
cribed by Axeisen et^ a]^. (1973), Briefly, P.knowlesi Sl-RBC and 
rhesus RBC ghost antigens were separated electrophoretically in 
the first dimension at 10 v/cm in 1% agarose for 1 hr in the same 
way as described for lEP, Subsequently a longitudinal s t r ip (1x6 
cm) containing the separated antigens was cut and transferred to 
another plate (9x6 cm). Anodic (5x6x0.12 cm) and cathodic (2x6x0.12 
cm) gels containing the gamma globulin fraction of the antiserum 
(5-15%) were then poured on the plate. Intermediate gel (1x6x0.13 
cm) was poured in between the first and the second dimension gel 
s t r ips . The electrophoresis was run in the second dimension (at 
right angle to the first dimension gel) for 18-20 hr using 2-3 v/cm. 
After the electrophoresis is over, the plate was washed, stained 
and destained i n ' t h e same way as described fo lEP, 
CHAPTER-III 
RESULTS AND DISCUSSION 
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The asexual erythrocytic stages of the malarial parasi tes 
are the central target for the protective immune responses against 
.malaria, in view of the mortality and morbidity that is caused 
by these asexual blood stages. Several workers have demonstrated 
the protective potential of asexual blood stages of avian, rodent, 
simian and human malarial parasi tes (Mitchell e^ ^ . , 1977; Playfair 
^ ^ . , 1977; Richards et^  ^1^. , 1977; Siddiqui, 1977, 1980; Zuckerman 
a^ ^ . , 1967; Kilejian, 1978; Rieckman ^ ^ . , 1978, 1979; Playfair 
and Desouza, 1986; Kumar, 1990), These studies have shown that 
merozoites or schizont infected erythrocytes (SI-RBC) are equally 
effective in inducing protective immunity. Later on Sl-RBC have 
been found to be the excellent target for vaccination as these contain 
both the merozoite and the parasi te induced antigens of infected 
erythrocytes (Mitchel et^ aj.,, 1983; Fandeur e^ a]_., 1984; Miller 
et^ a]_., 1986; Haider at ^ , , 1988). Therefore, the present study 
was undertaken on the purification of P.knowlesi SI-RBC, their 
protective potential and antigenic make up. 
I. PURIFICATION OF PLASMODIUM KNOWLESI SCHIZONT INFECTED 
ERYTHROCYTES AND THEIR PROTECTIVE POTENTIAL 
(a) Isolation and purification of P.knowlesi schizont infected erythro-
cytes 
P.knowlesi infection was maintained in rhesus monkeys by 
injecting Intravenously 1x10 infected erythrocytes from infected 
donor monkeys. The patency in monkeys was observed on day 
5th or 6th and the maximum parasitaemia (30-35%) reached on day 
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9th or 10th. Thirty to forty mil l i l i ters of infected blood (mainly 
schizonts) was drawn, washed and passed through CF-11 cellulose 
column with glass beads at the top. The blood obtained from the 
column was found to be almost free from platelets and leucocytes. 
For the isolation and concentration of P.knowlesi SI-RBC, the 
infected blood (free from platelets and leucocytes) was then subjected 
to one step percoll gradient centrifugation as represented diagramma-
tically in Fig. 2. Out of the different concentrations of percoll 
(40-60%) tr ied, 56% was found optimum for getting the pure paras i tes . 
The dark brown band collected at the interface of 56% percoll was 
found to have more than 95% pure P.knowlesi SI-RBC. The uninfected 
RBC's pallet as well as the immature infected RBC's were found 
at the bottom of the tube. The purified P.knowlesi SI-RBC were 
found to be biologically active and viable as they could invade 
the erythrocytes in jri vi tro culture. These purified P. knowlesi 
SI-RBC were used in all further experiments. Fig. 3 (A 6 B) shows 
the photograph of infected monkeys blood and purified P. knowlesi 
SI-RBC. The P. knowlesi parasi tes (saponin lysed schizonts) free 
from RBC membrane were obtained by the lys is of purified P.knowlesi 
SI-RBC with 0.15% saponin. 
(b) Immunization of rabbits against P.knowlesi SI-RBC and quanti-
tation of parasite specific antibodies 
Hyperimmune sera were raised against P.knowlesi SI-RBC 
by immunizing the rabb i t s . Two rabbi ts (R-1 and R-2) were immu-
nized intramuscularly over a period of 3 to 4 months. The sera 
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Fig . 2 : Diagrammatic r ep re sen ta t ion of pe rco l l g rad ien t 
for pur i f ica t ion of P. knowlesi schizont in fec ted-
RBC. 
A - Before centrifugation 
B - After centrifugation 
1 - 15 ml of 40% infected blood + PBS 
2 - 15 ml of 56% Percol l 
3 - PBS 
4 - Dark brown band containing P. knowlesi SI-RBC. 
5 - Uninfected blood. 
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obtained from these rabbi ts (R-1 and R-2) collected after each 
immunization (from 1st to Vlth injection) were tested for parasi te 
specific antibodies by indirect haemagglutination assay (IHA) and 
enzyme linked immunosorbent assay (ELISA). 
(1) Indirect haemagglutination assay 
Out of the different concentrations of P. knowlesi SLS antigen 
(2ug, lug, 0.5ug, 0.125ug, 0.0625ug per well) tr ied using hyper-
immune rabbit serum collected after 6th injection (Ref. +ve), lug 
P.knowlesi SLS antigen per well was found optimum. Results are 
shown in Fig. 4 and summarized in Table 1. 
After determining the optimum concentration of antigen, the 
antibody t i t res of immune rabbi t sera (R-l and R-2) collected after 
each injection (from 1st to Vlth injection) were determined. All 
the immune rabbi t sera were tested at two fold dilutions starting 
from 1:100. The l i t re values of sera obtained after each injection 
(from rabbi ts R-l and R-2) are shown in Fig. 5 and 6 and the 
results are summarized in Table 2. No antibody could be detected 
in the sera collected after 1st injection in case of both the r abb i t s . 
However, reciprocal antibody t i t res of 800 in case of rabbi t R-
1 and 3200 in case of rabbit R-2 were observed for the sera collected 
after Ilnd injections. These t i t res values were found increasing 
and became constant (12,800) after IVth and Vth injections in case 
of rabbi t R-2 and rabbi t R-l respect ively. The gamma globulin 
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Fig. 4: Opti:nlzation of P.knowlesi saponnin lysed 
schizont {PK-3LS; cjntifien in indirect Haema-
ggiutination Assay (IHA). 
IRS : Immune rabbi t serum 
NR3 : Normal rabbi t serum 
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Table 1: Optimization of P.knowlesi Saponin lysed schizont antigen 
in Indirect haemagglutination assay using rabbi t anti-
P.knowlesi SI-RBC serum. 
S. No. Antigen cone./well 
(ug) 
Reciprocal titre value 
IRS NRS 
1. 
2. 
3. 
4, 
5. 
6. 
7. 
0.0000 
2.0000 
1.0000 
0.5000 
0.2500 
0.1250 
0.0625 
0 
6400 
6400 
3200 
800 
400 
200 
0 
0 
0 
0 
0 
0 
0 
IRS = Immune rabbit serum 
NRS = Normal rabbit serum 
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^ e c l o r o c a l serjiTn d i lu t ion . 
^ ^ ^ ^ ^ ,-> o o o o o o 
o o o C O o o a o r a u a cv 
o o o z:: -z^ o CO N -cf ^^  tn H 
^ tS: r-\ cs- >eK Ro H m to H es IT; 
IRSCYG} B 
IRS' fVth Injl [ 
fVIth Inj) r IRS 
IRSIYGj O 
i!^ ||tl4fe< -^
FiG. Ar t ibody t i t r e s of r a b b i t a n t i - P . k n o w l e s l SI-RBC 
sera ( r a b b i i - R - 1) of different inject ions by IHA. 
N.^ S : Normal r a b b i t serum 
IRS : Immune r a b b i t serum 
7G : Gamma globulin fraction of immune r a b b i t 
se ra 
Rows 1,2 : No antigen 
Rows 3-12: 1 ug P. knowlesi SLS antigen 
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Fig. 6: Antibody t i t res of rabbit anti-P. knowlesl SI-RBC 
sera {rabbit R-2) of different Injections by IHA. 
NF^ S : Normal rabbit serum 
IRS : Immune rabbit serum 
"VG : Gamma globulin fraction of immune rabbit 
sera 
Rows 1,2 : No antigen 
Rows 3-12: 1 ug P. knowlesl SLS antigen 
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Table 2: Antibody t i t res of rabbit anti-P.knowlesi SI-RBC sera by 
Indirect haemagglutination assay. 
S.No. Sera Reciprocal antibody t i t res 
IRS-1 IRS-2 
2. 
3. 
4. 
5. 
6. 
7. 
1st injection 0 
Ilnd injection 800 
Il lrd injection 3200 
IVth injection 6400 
Vth injection 12800 
Vlth injection 12800 
Y-globulin fraction 25600 
0 
3200 
3200 
12800 
12800 
12800 
25600 
IRS-1 and IRS-2: Immune rabbit sera from rabbit R-1 and R-2 
Gamma globulin fractions prepared from the pooled sera. 
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fraction of the pooled sera (from IVth to Vlth injections) showed 
a reciprocal antibody t i t re of 25,600 (Table 2) . 
( i i ) Enzyme linked immunosorbent assay 
Enzyme linked immunosorbent assay (ELISA) was optimised 
in terms of antigen concentration. Other assay conditions such 
as the optimum concentration of antibody conjugate, 0-phenylenedi-
amine (OPD) and hydrogen peroxide ( H O . ) were already standardised 
ear l ier in our laboratory. Out of the different antigen concentrations 
t r ied, 1 ug P.knowlesi antigen/well, using 1:1000 dilution of enzyme 
antibody conjugate, Img/ml OPD and 1 ul/ml of H„0- was found 
optimum. Results are shown in Fig. 7. This lug/well antigen 
concentration was used in further experiment for determining the 
antibody l i t res of immune rabbi t s sera (Rabbits R-1 and R-2) coll-
ected after each immunization (from 1st to Vlth injections). The 
t i t re values are given in Fig. 8. The antibody t i t re was found 
to be increasing t i l l injection IVth in case of rabbit R-2, and in-
jection Vth in case of rabbit R-1, after that it became constant 
(1:128,000). An antibody t i t re of 1:256,000 was obtained for the 
gamma globulin fraction prepared from the pooled sera. 
(c) Evaluation of immune rabbit sera in jri vitro culture for pro-
tective antibodies 
( i ) Short term ^5 vitro culture of P.knowlesi 
The short term Jri vi t ro culture of asexual blood stages 
of P.knowlesi was done according to the method of Trager and Jensen 
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Fig. 8: Antibody t i t res of rabbi t ant i-P. knowlesi SI-RBC 
sera by enzyme linked immunosorbent assay. 
[Q] : Rabbit - 1 
[ • ] : Rabbit - 2 
YG: Gamma globulin fraction (Prepared from the 
serum pool) 
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(1976) using heat inactivated normal rabbi t serum. The J H vi t ro 
culture was initiated at 0.50% parasitaemia (50 parasitized e ry th ro -
cytes per 10,000 erythrocytes) with 95% rings and 5% trophozoites. 
After 24 hr the parasitaemia was increased to 1.66% and after two 
days ( i . e . after two multiplication cycles in ^B vi tro culture) , 
parasitaemia was reached to 4.7% (Fig. 9 ) . 
(11) Effect of immune rabbit sera on multiplication of P. knowlesl 
parasites in Jj™ vitro culture 
To see the effect of immune rabbit sera on growth and multi-
plication of malarial parasi tes , the ^H vi tro culture of P.knowlesl 
was done for 48 hr in presence of normal rabbi t serum (control) 
and immune rabbi t sera ( rabbi t s R-1 and R-2). The parasitaemia 
was found to be increased from 0.5% to about 4% in control (normal 
rabbit serum), however, no parasi tes could be detected in presence 
of first (R-1), second (R-2) and pooled immune rabbi t sera after 
48 hr of JTI vi t ro culture. The results are given in Table 3. 
II PROTEIN AND ANTIGENIC ANALYSIS OF P.KNOWLESI SCHIZONT 
INFECTED ERYTHROCYTES 
(a) Protein pattern of P.knowlesl SI-RBC 
The protein patterns of purified P. knowlesl SI-RBC and 
.IK 
normal rhesus RBC ghost (for comparative purpose) were analysed 
by SDS-polyacrylamide gel electrophoresis (SDS-PAGE) after solu-
bilizing them in SDS-sample buffer. In order to know the molecular 
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Table 3: The effect of rabbi t anti-P.knowlesi SI-RBC sera on 
Rabbit se 
NRS-1 
NRS-2 
IRS-1 
IRS-2 
IRS-Pool 
mult: 
irum 
Ipl ica t ion of P. knowlesi p a r a s i t e s in 
% Parasitaemia after 
Exp-1 
4.10 
4.00 
0.00 
0.00 
0.00 
Exp-2 
4.00 
4.20 
0.00 
0.00 
0.00 
48 h r 
E x p -
4.50 
4 .00 
0.00 
0.00 
0.00 
in 
3 
v i t r o c u l t u r e . 
Mean±SD 
4.20±0.26 
4.07±0.12 
0 .00 
0 .00 
0 .00 
* 
Cultures were initiated at approximately 0.5% parasitaemia (mainly 
ring stage) 
NRS-1 and NRS-2 : Normal sera from rabbi ts R-1 and R-2 
IRS-1 and IRS-2 : Immune sera from rabbi t s R-1 and R-2 
IRS-Pool was made by mixing equal volumes of two immune rabbi t 
sera (R-1 and R-2) 
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weight range of the various proteins present in P. knowlesi SI-RBC, 
the standard proteins of known molecular weight were also run 
in paral le l . Out of the different gradients of polyacrylamide gel 
t r ied, a gradient of 5.0-12.5% polyacryalmide gave best resolution 
of proteins. The number of protein bands present in P.knowlesi 
Sl-RBC was found much greater than that in normal rhesus RBC 
ghost. About 30-35 major protein bands in molecular weight range 
of 15-230 kD were observed in P.knowlesi SI-RBC. The SDS-PAGE 
pattern is shown in Fig. 10. 
(b) Antigenic analysis of P. knowlesi SI-RBC 
The antigenic components of P. knowlesi Sl-RBC and of normal 
rhesus RBC ghost (for comparative purpose) were analysed by Immuno-
electrophoresis (lEP) and cross Immunoelectrophoresis (CIE) using 
hyperimmune rabbi t sera and gamma globulin fraction (prepared 
from the pooled immune rabbi t se ra ) . 
( i ) Immunoelectrophoresis 
The antigenic analysis of P. knowlesi SI-RBC and normal rhesus 
RBC ghost was ini t ia l ly done by Immunoelectrophoresis ( lEP). The 
antigenic extracts of P. knowlesi SI-RBC and normal rhesus RBC ghost 
were first separated electrophoretically and then allowed to react 
with rabbi t anti-P.knowlesi SI-RBC sera collected after each immuni-
zation (1st to Vlth injection) from two rabbi ts (R-1 and R-2). 
The lEP patterns are shown in Fig. 11 and 12 and the resul ts are 
summarized in Table 4. The number of precipi t in bands increased 
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Fig. 10: SDS-poiyacrylamide gel electrophoresis 
of (A) P.knowlesi-SI-RBC and (B) Normal 
rhesus RBC 
TOP is the point of application and 
808 is bromophenoi blue dye njarker. 
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- 1 
- 2 
- 8 
Fig, 11 : Immunoelectrophoretlc pattern of 
P.knowlesi SI-RBC sera obtained 
rabbit after 
R- 1 
A 
B 
1 
2 
3 
4 
5 
5 
each injection from 
Normal rhesus RBC ghost antigen; 
P.knowlesi SLS antigen 
Rabbit 
Rabbit 
Rabbit 
Rabbit 
Rabbit 
Rabbit 
Rabbit 
Rabbit 
anti-rhesus ghost serum 
anti-P. knowlesi SI-RBC serum (pooled) 
knov^lesl SI-RBC serum (1st inj) 
knowlesi SI-RBC serum(imd inj! 
knowlesi SI-RBC serum (IHTTJ inj) 
knowlesi SI-RBC serum (IVtli inj) 
SI-RBC serum (Vth inj) 
anti-P 
anti-P 
anti-P 
anti-P 
anti-P _ knowlesi 
anti-P. knowlesi SI-RBC serumf VlthinjJ 
" ^ 
j y - 2 
. - 3 
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' - 4 
- ' - 5 
^ - 6 
-• - 7 
- 8 
.-,- ^w 
Fig. 12: Immunoeiectrophoretic pattern of 
P. knowlesi SI-RBC sera obtained 
from after 
R-2. 
A 
B 
each injection rabbit 
Normal rhesus RBC ghost antigen; 
?. knowlesi SLS antigen 
1 = Rabbit anti-rhesus ghost seruni 
2 = Rabbit anti-P. knowlesi SI-RBC serum (pooled) 
3 = Rabbit anti-P. knowlesi SI-RBC serum (1st inj) 
4 = Rabbit anti-P. knowlesi SI-RBC serum(llnd inj) 
5 = Rabbit anti-P. knowlesi SI-RBC serumdllrd inj) 
6 = Rabbit anti-P. knowlesi SI-RBC serum (IVth inj) 
7 = Rabbit anti-P. knowlesi SI-RBC serum (Vtiri inj) 
8 = Rabbit anti-P. kriowiesl SI-RBC serum (VTth inj) 
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Table 4: Immunoelectrophoretic analysis of P.knowlesi SI-RBC 
using immune rabbi t sera. 
S. No. Rabbit sera No. of precipitin bands 
IRS-1 IRS-2 
1. 
2. 
3 . 
4. 
5. 
6. 
1st injection 
Ilnd injection 
I l i r d injection 
IVth injection 
Vth inject ion 
Vlth inject ion 
PK-
ant i 
0 
5 
8 
10 
12 
12 
SIRBC 
gen 
Rhesus 
ghost 
antigen 
0 
1 
2 
3 
3 
3 
PK-SIRBC 
Antigen 
1 
6 
10 
12 
12 
12 
Rhesus 
ghost 
antigen 
1 
2 
3 
4 
4 
4 
IRS-1 and IRS-2 Immune sera from rabbit R-1 and R-2. 
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with increasing number of immunization and a total of 12 precipi t in 
bands in P. knowlesi SI-RBC were obtained with sera from rabbi t 
R-1 after 5th injection and rabbi t R-2 after 4th injection. These 
immune rabbit sera showed at the most 3-4 precipit in bands with 
normal rhesus RBC ghost antigen, thereby indicating the presence 
of 8-9 parasite specific antigens in P. knowlesi SI-RBC antigenic 
preparation. Normal rabbi t serum which was used as a control 
did not show any precipit in bands with these antigens. 
( i i ) Cross Immunoelectrophoresis 
Antigenic components of P. knowlesi SI-RBC and normal rhesus 
RBC ghost antigens were further analysed more clearly by employ-
ing cross Immunoelectrophoresis (CIE) i . e . two dimensional Immuno-
electrophoresis technique. Out of the different concentrations (5%, 
7.5%, 10% and 15%) of rabbi t anti-P.knowlesi SI-RBC gamma globulin 
fraction (prepared from the pooled hyperimmune sera of rabbi t s 
R-1 and R-2) t r ied, the better resolution of antigenic peaks was 
observed using 7.5% gamma globulin fraction for P.knowlesi SI-RBC 
and 10% for normal rhesus RBC ghost antigens. 
The protein stained CIE patterns obtained and their diagramm-
atic representations are shown in Figures 13 and 14. In the diagram 
the solid lines represent the major antigenic peaks and the broken 
lines represent the minor antigens. The CIE analysis revealed 
40 precipit in peaks, all of them anodic in P.knowlesi SI-RBC (Fig. 13 
€2 
(a) (b) 
Fig. 13: Crossed immunoelectrophoretic pattern of P. knowlesi 
SI-RBC antigen using 7.5% rabbit antl-P. knowlesi SI-
RBC gamma globulin fraction, 
(a) Protein stained pattern 
\b] Diagrammatic representation 
Solid lines represent strong precipitin peaks whiie 
broken lines represent faint peaks. 
Arrciws indicate the point of application of antigen. 
Anode { + ) is to the right in first dimension and to 
chs iop in the second dimension. 
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rb) 
r 
Fig. 14: Crossed immunoelectrophoretlc pattern of normal rhesus 
RBC ghost antigen using 10% rabbit anti-P. knowlesi 
SI-RBC ^amma globulin fraction. 
(a) Protein stained pattern 
(b) Diagrammatic representation 
Solid lines represent strong precipit in peaks while 
broken lines represent faint peaks. 
Arrows indicate the point of application of antigen. 
Anode ( + ) is to the right in first dimension and to 
the top in the second dimension. 
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While only 6 precipit in peaks were observed in normal rhesus ghost 
antigen using rabbi t ant i -P . knowlesi SI-RBC gamma globulin fraction 
(Fig. 14). On comparing the CIE pattern of P.knowlesi SI-RBC 
and normal rhesus ghost antigens (Fig. 13 and 14), 34 antigens 
were found to be parasi te specific. 
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DISCUSSION 
The intraerythrocyt ic development of asexual blood stages 
of malarial parasi te and the presence of other unwanted blood compo-
nents (such as leucocytes and platelets) complicate the studies on 
these stages. For conducting the biochemical and immunological 
investigations on the asexual blood stages, the first and the most 
essential requirement is to separate the malarial parasi tes from 
the uninfected blood. It has been reported that during the course 
of malarial infection, the quantity of leucocyte in the per ipheral 
blood circulation generally increase above the normal value (Homewood 
and Neame, 1976), Because of the high levels of proteases and 
other degradative enzymes present in leucocytes even a marginal 
leucocyte contamination, may cause a significant variation of the 
resul ts . Therefore the separation of platelets and leucocytes from 
the parasitized monkey blood is very essential for the authenticity 
of data. In the present study, almost complete removal of platelets 
and leucocytes from the infected blood was achieved by passing 
the blood through the glass beads and cellulose CF-11 column. 
The passage of the blood through the column of glass beads was 
found most useful for the removal of platelets by many workers 
(Grant and Fulton, 1957; O'Brien and Hey wood, 1967; Schiebel and 
Miller, 1969; Johnson et^ al^., 1980). Among the various methods 
and techniques employed by the different workers for the elimination 
of leucocytes, separation on Whatman CF-11 cellulose column has 
been the method of choice because of i t s efficiency and simplicity 
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(Fitch, 1969; Richards and Williams, 1973; Williams and Richards, 
1973; Homewood and Neame, 1976; Howard et_ a^., 1978; Waki and 
Suzuki, 1986). 
After removing the platelets and leucocytes, the next step 
is the purification and separation of parasit ized erythrocytes from 
the non-parasitized erythrocytes . As the density of the parasit ized 
RBC is lower than that of the normal red cel ls , most of the methods 
employed for the separation of parasit ized from the non-parasitized 
erythrocytes were based on the differences in their density (Williamson 
and Cover, 1966; Miller and Chien, 1971; Heidrich, 1988). For 
the purification and separation of P.knowlesl schizont infected e ry-
throcytes from the uninfected erythrocytes , the percoll density 
gradient method has been employed in the present study. Percoll 
has many advantages in being less viscous, non-toxic, impermeable 
to biological membranes and easily removable. The percoll density 
gradient centrifugation method has been successfully used ear l ier 
by various workers (Pertoft ^ jil.., 1978; Tosta ^ ^ . , 1980; Kramer, 
1982; Rivadeneira et^ _al.., 1983; Wang et_ ^ . , 1984; Andrysiak et^  
£ l . , 1986; Waki and Suzuki, 1986; Ihalamulla and Mendis, 1987; 
Haider e\_ al^., 1988). In the present study more than 95% pure 
P.knowlesl SI-RBC were obtained on 56% gradient of percoll . The 
infected erythrocytes were found morphologically unaltered, biologi-
cally active and viable as they can invade the red cells in in 
vi t ro culture. The P. knowlesi SI-RBC were lysed using 0.15% saponin, 
to get the parasites (P.knowlesi SLS) free from erythrocyte mem-
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branes. Various physical and mechanical procedures were used 
by different workers for releasing the parasi tes from the infected 
RBCs and saponin lys i s was the most popular method employed 
by number of workers to get the free parasi tes (Spira and Zuckerman, 
1962; Zuckerman et^ a]_., 1967; Jarusalem, 1969; VanDyke et^ a l . , 
1977; Kan and Siddiqui. 1981). 
In the present study, the purified P.knowlesi SI-RBCs were 
used to immunize the rabbi t s in order to test the protective potential 
and the antigenicity of P. knowlesi SI-RBC. The antigenic nature 
of the erythrocytic stages of different species of malarial parasi tes 
(rodent, avian, simian and human) have been reported by various 
workers {Freunds et^ a]^., 1945, 1948; Targett and Fulton, 1965; 
Brown et_ ^1^. , 1968, 1970; D'Antonio at a}^., 1971; Simpson et^ ^ . , 
1974; Cabrera et^ ^ . , 1976; Siddiqui e\_ a]_., 1977; Rieckman e^ 
£], . , 1978; K a u s h i k ^ a d . , 1986; Haider ^ aJ . , 1988; Haider, 1990). 
The sera obtained from the two rabbi t s immunized with P.knowlesi 
SI-RBC, in the present study were tested for parasi te specific 
antibodies by IHA and ELISA. Both the immune rabbi t sera (Rabbit 
R-1 and R-2) showed high t i t res of parasi te specific antibodies. 
The antibody t i t res obtained by ELISA were almost 10 times higher 
than those obtained in IHA. This may be due to difference in 
the sensi t ivi t ies of the two immune assays . The ELISA has been 
shown to be more sensitive than IHA by other workers (Mahajan 
et_ aj^., 1981; Spencer et^ ^ . , 1979; Quakyi, 1980). The increase 
in t i t re value with increasing number of immunization was observed 
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in case of both the rabbi ts (R-1 and R-2) but the t i t re value became 
constant after IVth and Vth injections. 
In order to demonstrate the presence of protective antibodies 
in the immune rabbi t sera, short term Jii vi t ro culture of P.knowlesi 
was done by the candle jar method (Trager and Jensen, 1976) and 
this short term Jri vi tro culture was used for testing the effect 
of immune rabbi t sera on multiplication and growth of P.knowlesi 
paras i tes . Though significant increase in parasitaemia was observed 
with normal rabbit sera, no parasi tes could be detected when in 
vitro culture was done in presence of immune rabbi t sera. These 
results suggest the presence of protective antibodies in rabbi t anti-
P.knowlesi sera. The ^H vitro growth assay have been successfully 
employed ear l ier by a number of workers to demonstrate the effect 
of immune sera on growth and invasion of malarial parasi tes (Cohen 
et^ al.., 1969; Miller, 1975; Brown et^ ^ . , 1981; Campbell et^ al^., 
1986; Trager, 1987; Perlaza ^ ad., 1990; Barr je^ ^ . , 1991; Berzins 
et al^., 1991). 
The protein pattern and antigenic components of P.knowlesi 
SI-RBC were analysed by employing the techniques of SDS-PAGE, 
immunoelectrophoresis (IE?) and cross Immunoelectrophoresis (CIE), 
the SDS-poly acrylamide gel electrophoresis (SDS-PAGE) provides 
high resolution of proteins (on mol. wt. bas is ) . The normal rhesus 
RBC ghost antigen was also used in the study for comparative pur-
poses. Out of the different gradients of polyacrylamide t r ied . 
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the best resolution of proteins was obtained using 5.0-12.5% poly-
acrylamide gradient. The number of protein bands present in 
P. knowlesi SI-RBC was found much greater than the normal rhesus 
RBC ghost. SDS-PAGE revealed 30-35 major protein bands (15-230 
kD) in P.knowlesi SI-RBC. The technique of SDS-PAGE has ear l ier 
been used by several workers to study the protein patterns of 
a variety of parasi tes (Baki and Bucci, 1964a, b; Sherman, 1964 
Diggs, 1966; Guberman and Zuckerman, 1966; Zuckerman ^ ^ . , 1969 
Brown et^ a]_., 1970; Seitz, 1972; Wilson et^ ^ , , 1975a, b, 1976 
Miller et_ a]_., 1980; Kaushal et^ ^ . , 1982, 1988; Carlsson et_ ^ . , 
1984; Anders, 1984; Singh ^ ^ . , 1986; Mohen e^ £ l . , 1988). 
The immunoelectrophoretic techniques have generally been 
employed for analysing the antigenic components of paras i tes . In 
the present study, the techniques of lEP and CIE were employed 
to analyse the antigen patterns of P. knowlesi SI-RBC and normal 
rhesus RBC ghost (for comparative purposes) antigens using rabbi t 
anti-P.knowlesi SI-RBC sera. The Immunoelectrophoresis showed 
the presence of 12 precipi t in bands in P. knowlesi SI-RBC and 3-
4 precipit in bands in normal rhesus RBC ghost antigen, thereby 
suggesting the presence of 8-9 parasi te specific antigens in P. knowlesi 
SI-RBC. lEP technique has also been employed ear l ier for the 
antigenic analysis of malarial parasi tes (Spira and Zuckerman, 1962; 
Sherman, 1964; Zuckerman, 1964; Zuckerman and Spira, 1964, 1965; 
Oxbrow, 19672; Singh et_ a^., 1986; Kaushal et^ ^ . , 1988; Haider, 
1990). 
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In the present study, the antigenic components of P. knowlesl 
SI-RBC were further analysed by employing the more sensit ive tech-
nique of CIE using rabbit anti-P.knowlesl gamma globulin fraction. 
Out of the different concentrations of antiserum (gamma globulin 
fraction) tr ied, the sharp and balanced pattern of P.knowlesl SI-
RBC was obtained using 7.5% gamma globulin fraction while a 10% 
concentration of gamma globulin fraction was found better for sepa-
rating the normal rhesus RBC ghost antigens. The lowering of gamma 
globulin concentration resulted in the disappearance of some of 
the faint peaks while increasing the concentration upto 15% caused 
the overlapping and the poor resolution of some of the closely 
placed antigenic peaks. A careful examination of CIE pattern revealed 
the presence of 40 antigenic peaks in P.knowlesl SI-RBC (all of 
them anodic) while only 6 antigenic peaks were observed in normal 
rhesus RBC ghost antigen, thus suggesting the presence of 34 parasi te 
specific antigens in P. knowlesl SI-RBC. Earlier the technique of 
CIE has also been employed by number of workers to analyse the 
antigenic components of malaria and other parasi tes (Butcher at^  
al., 1978; Miller et^ ^ . , 1980; Kaushal et^ £l_., 1982; Panton e^ 
a l . , 1984a, b; Anders, 1985; Cavalan et^ a]_., 1985; Malhotra et^ a l . , 
1986; Mohan a [ ^ , , 1988; Haider, 1990). Deans a^ ^ . (1978) have 
identified 11 major parasi te specific antigen in P.knowlesl SI-RBC 
using monkey anti-merozoite serum. Carlsson et^ a]^. (1984) have 
analysed P. chabaudi and P. yoelii infected erythrocytes using rabbi t 
antisera in CIE and have found 12 antigenic peaks in both the para-
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s i tes . The CIE technique was also used to analyse P.cynomolgi 
SI-RBC antigens, using immune monkey serum and it showed the 
presence of 27 antigens in P. cynomolgl SI-RBC (Kaushal et_ a l . . 
1988). 
Therefore, in the present study, P.knowlesi SI-RBCs have 
been purified more than 95% (free from platelets and leucocytes) 
by employing the one step percoll gradient. These purified 
P.knowlesi SI-RBC were used to immunize the rabbi t s and the immune 
rabbit sera showed high t i t res of parasi te specific antibodies as 
detected by IHA and ELISA. These immune rabbi t sera inhibited 
the multiplication of P. knowlesi parasi te when tested in Jri vi t ro 
culture, thereby suggesting the presence of protective antibodies. 
Studies on protein and antigenic analysis of P. knowlesi SI-RBC by 
SDS-PAGE and immunoelectrophoretic techniques revealed the presence 
of certain parasite specific antigens in P. knowlesi SI-RBC. 
CHAPTER-IV 
SUMMARY AND CONCLUSION 
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Malaria is an intricated health problem in tropical and sub-
tropical regions of the world. The disease is caused by the protozoan 
parasite of the genus Plasmodia, which have complex life cycle that 
alternates between a ver tebrate and an invertebrate host. Over 
the years many drugs and insecticides have been employed to eradicate 
the disease. During 1960s and 1970s, these tools were found success-
ful and WHO had declared that malaria would soon be eradicated. 
This success was shortl ived because of the wide spread resurgence 
of the malaria due to the development of drug resistance of malaria 
parasi tes as well as the insecticide resistance of mosquitoes. This 
situation has created new interests in malaria research for finding 
an effective solution to the disease. Despite continuous efforts made 
for developing vaccine against different stages of malaria parasi tes 
(viz. sporozoite, gametes and asexual stapes), the slow progress 
in vaccine development may be attributed to the complex life cycle 
of malaria parasite as well as the lack of suitable animal model 
for human malarial paras i tes . The asexual blood stages remain the 
main focus of research on malaria vaccine as the morbidity and mor-
tal i ty is mainly caused by these stages. The present study was 
undertaken on antigenic analysis of schizont infected erythrocytes 
of P.knowlesi, a simian malaria parasi te , which is closely related 
to P. falciparum (the most fatal of human malarias). 
The studies were initiated with the purification of P.knowlesi 
SI-RBC which were purified more than 95% (free from platelets and 
leucocytes) employing one step percoll gradient (56%). These purified 
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P. knowlesi SI-RBC were found biologically active and viable as they 
could invade the RBC in ^H vitro culture. The purified P. knowlesi 
SI-RBC were used to immunize the rabbi ts for raising hyperimmune 
polyvalent serum. Two rabbi ts (R-1 and R-2) were immunized over 
a period of 3-4 months. The immune rabbi t sera colllected after 
each immunization (from ist to Vlth injection) were tested for the 
parasite specific antibodies by employing indirect haemagglutination 
assay (IHA) and enzyme linked immunosorbent assay (ELISA). An 
increase in l i t re value with increasing number of immunization was 
observed and the t i t re value became constant after IVth and Vth 
injection in case of rabbi t R-2 and R-1 respect ively. 
For testing the presence of protective antibodies in immune 
rabbit sera, the short term Jri vi t ro culture of P.knowlesi was done 
by candle jar method of Trager and Jensen (1976) and this short 
term ^H vitro culture was used for testing the effect of immune rabbi t 
sera on multiplication and growth of P.knowlesi paras i tes . No para-
sitaemia could be detected when Jji vi tro culture was done in presence 
of immune rabbit serum while the parasitaeiiiia was incrnnsnd from 
0.5% to 4% in presence of normal rabbit serum (control). These resul ts 
suggest the presence of protective antibodies in immune sera against 
P. knowlesi SI-RBC. 
The protein and antigenic patterns of P. knowlesi SI-RBC were 
studied by employing the techniques of SDS-polyacrylamide gradient 
gel electrophoresis (SDS-PAGE), Immunoelectrophoresis (lEF) and 
cross immunoelectrophoresis (CIE). The normal RBC ghost antigens 
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were also used for comparative purpose. The SDS-FAGE resolved 
the P.knowlesi SI-RBC into 30-35 major protein bands in the mol.wt. 
range of 15-230 kD on 5-12.5% gradient of polyacrylamide gel. The 
number of protein bands present in P.knowlesi SI-RBC was found 
much greater than in normal rhesus KBC ghost. 
The antigenic components of P.knowlesi SI-RBC were analysed 
initially by employing the techniques of lEP using rabbi t ant i -P . 
knowlesi SI-RBC sera and gamma globulin fractions. IE? analysis 
showed an increase in the number of precipit in bands with increasing 
number of immunization. The number of precipit in bands became 
constant at 12 with sera obtained after IVth and Vth injection from 
rabbi ts R-2 and R-1 respect ively. Only 3-4 precipit in bands were 
detected in normal rhesus RBC ghost antigen using the rabbit anti-
P.knowlesi SI-RBC serum. These results suggest the presence of 
8-9 parasite specific antigens in P.knowlesi SI-RBC. The antigens 
of P.knowlesi SI-RBC were further analysed by cross Immunoelectro-
phoresis using rabbi t anti-P.knowlesi gamma globulin fraction . CIE 
using 7.5% gamma globulin concentrations revealed 40 antigens in 
P.knowlesi SI-RBC while only 6 antigenic peaks were observed in 
normal rhesus RBC ghost antigenic preparation using 10% concentration 
of gamma globulin fraction, thereby suggesting the presence of 34 
parasi te specific antigens in P.knowlesi SI-RBC. 
Therefore, in the present study, Plasmodium knowlesi SI-RBC 
have been purified more than 95% (free from platelets and leucocytes) 
from the infected monkey blood by applying one step percoU gradient 
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centrifugation method. The rabbi t anti-P.knowlesl SI-RBC sera showed 
high l i t res of parasi te specific antibodies as detected by indirect 
haemagglutination assay (IHA) and enzyme linked immunosorbent assay 
(ELISA). The immune rabbit serum were found to contain protective 
antibodies, as they inhibited the multiplication of P. knowlesi para-
si tes in jii vi t ro culture. The SDS-PAGE analysis revealed the pre-
sence of 30-35 protein bands in P. knowlesi SI-RBC in the molecular 
weight range of 15-230 kD. The crossed Immunoelectrophoresis ana-
lysis of P.knowlesi SI-RBC, using rabbi t anti-P.knowlesi SI-RBC sera, 
revealed the presence of 34 parasi te specific antigens in P. knowlesi 
SI-RBC. These studies can further be extended to identify and isolate 
the protective antigens of asexual blood stages. 
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